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\VEST 
AND 

Muhammad Shafi, K. * 

Introduction 
\Vest Pakistan grows nee on abut 3. 6 million acres which, as seen from table L are 

concentrated mainly in two tracts viz: Lahore Division in the Lahore Region, and parts of 
Hyderabad and Khairpur Divisions in the Region. In the Lahore Division, Bas­
mati rice which has long, slender and scented grains and very good cooking quality, is 
grown on about 0. 9 million acres. The distribution of area in different Divisions of v\'est 
Pakistan is given in Table 1. 

Table 1. Distribution of Area and Production of rice in West Pakistan. 

Division 

Peshawar Region 

Peshawar 

Dera Ismail Khan 

Lahore Region 

Rawalpindi 

Sargoclha 

Lahore 

Multan 

Bahawalpur 

Hyclerabad Region 

Khairpur 

Hyderabad 

Quetta 

Kabt 

Karachi 

Total West Pakistan 

Area 

1, 012 
136 

992 
1,454 

10,954 
2,:358 

741 

10,034 
7,279 

13 
112 

4 

35,084 

Area = 00 acres 
Production= 00 tons rice 

Area and production 
1967-68 1968-69 

Production Area Production 

322 1,168 454 
45 119 75 

489 952 531 
679 1,316 798 

5,312 11,418 6, 732 
982 2,829 1, 690 
250 579 307 

4,409 10,380 6,254 

2, 231 7,319 4,110 

6 19 6 

30 85 28 

7 4 1 

14, 747 36,069 20,911 

* Estimate of Rice crop in \Vest Pakistan for the year 1968-69 (Dept. of Agri. West Pakistan). 

The soil, climatic conditions and methods of rice growing in the two regions are quite 
different. In the Hyderabad Region, the soil is clay loam. The rainfall is only 2-3 inches 
per annum. The land is prepared in dry condition, filled with water and rice is transplanted 

The Lahore Region receives about 20-22 inches rainfall per annum. The soil contains 
greater percentage of silt and most of the rice growing areas have a hard pan at 1-2 feet 
depth. The chemical analysis of some of the soils in the main rice tracts of the Lahore 
Region is given in Table 2. 

* Rice Botanist, Govt; Rice R2search Station, Kala Shah Kaku, \Vest Pakistan. 
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Table 2. Soil analysis in selected locations in the Lahore 
Region of West Pakistan (Yoshicb, 1969) 

LfJL'Dtion 
J:\ vnilahle CEC Exchange cations (rne) *'f. 
Phosphorus ( n1e/lOO g) (%) (ppm)* K+ 

K.ala Shah 
Kaku Research 7. 9 0.98 3.8 11.4 31.60 3.06 0.45 L 03 
Station 

Manga 8. 6 0.25 3.4 5. 2 28.88 3. 44 0. 58 •)<) 
,)CJ 

8.6 0. 39 6.4 8. 9 11.00 30.47 0.80 1. 03 

* By Olsen's method. 
** 0Jot corrected for free carbonates. 

lt may he seen from Table 2 that the ~oils u.rcc alkaline. The sum of cations extracted 
IN the CEC Value. The cations m NI-I,AcO extracts are 

Effervescence takes upox! addition of 
the soils. '"fhis indicates that the soil are calcareous. 

Rice is grov,•n as a ]0\•;· land 
under \Vet conditions and 

The crop is from canals. The 

water is kept 

Pakistan. 

after 
Sonle 

'vorst 

sidered 
kno,.yn as 

"I'hc land ts 

Symptoms of the disease 

The mam under: 

1) 
and streaks. A fevv 

where rhe crop Js 

rusty dots which coalesce to 
the entire leaf appears bro-.vnish 

the iec1.ves break frorn the centre 
leaves turn br(nvn and young gr.c~:n 

look y~~ith very sn1a1l leaves. 
2) The is arre-sted and the ren1an1 :::,tunted. 

. ' aClG 

T'be 

drtrk brown blotches 

3) The is checked. 'The affected less tillers than unaffected ones. 

·D The diseased plants have week root system and can ll'2 roots of 
such plants are reddish brown or dark reddish brown with black or rotten ones. 

It has been observed that the in low lying are severely affected and that 
alleviates the disorder. These conditions suggest that the occurrance of the disorder 

1s associated with reduced conditions in submerged soils. Most of the affected plants recover 



but those 
5) The disorder is 

sponse to fertilizer 
Station where there 
Kala Shah Kaku the 
der as shown in table 3. 
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of doses of fertilizers. The re-
Kaku Station 1s, ther:cfore, reduced. At Dokri 
response to fertilizer is remarkable while at 

fertilizer clecre:Jsecl the due to this elisor· 

Table 3. Fertilizer trial on lH 8 at two locati.ons 
in West Pakistan 1966. * 

Fertilizer applied (kg/ha) 

:\ 

0 
(' ,J 

:34 

67 

l01 

PoOs 

0 

4f) 

45 

45 

~3 

45 

45 

4;') 

Grain yjeld (kg/ha) 

Dokri Kala Shah Kaku 

5, 610 ;)y 735 
7,140 5,476 

8, 770 51153 

9,240 5,569 

9,250 4,903 

10,270 4,936 

Annual. rJrogrcss report 1966 Accelerated Rice Research 
Project: Vv'est· Pokistan. 

··rhe syrnptorr1s d<:.:scribed al)ove rese 1nble th )se 

Baba et. al. (1) classified :hree 
conditions 

I. The occur ranee of type II is favoured 
with the addition 
caused 
by sub soil and surface 

A similar disease known as "K hair a" 
desh, India. Nene'J this disease 

fro:n 
ZlllC 

as in the C::-\se of type 
It is also pronounced 

can be alleviated 

Uttar Pra­
and 

Table i. Soil analysis the areas where soil disorder occurs (Yoshida). 

Local narne of 
disease Location 

J{haira Pant Nagar, U. P., 
T 1' 
lDC!W. 

pll(.f-LO) 

8.3 

Hadda or 
Yarqan 

Akagare II 

Kala Shah Kaku, 7. 9 
\Vest Pakistan 

Sahara, Chiba, Japan: 8.0-8.5 

0/ 
/0 

l. 28 

0.98 

Scil properties 

Exchange mc/lOOg 

12.4 8.7 0.4 0. 7 

ll. 4 31.6 0. 5 1.0 
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Tanaka 1n confirmed Nene's conclusion. Nene'' reported it to be related to low available 
Zinc in the soil and low Zinc content of the plant. of Zinc sulphate corrected 
the disease and increased the yield. Foliar spray appeared best. Akagare II in Japan is abo 
now considered to be caused Zinc deficiency The soils of the,,e two places are simihn· 
that of the Kala Shah Kaku station as given in Table 4. 

It is apparent fron1 table 4 that the disorder occurs in pH calcareous soil. 

Introduction of new varieties and soil disorder. 

At the KRla Shah Kaku station, the disorder became more pronounced with the intro· 
duction of dwarf varieties which are fertilized. During 1967, IR 8 a high yielding, 
short statuted and stiff variety vvas on \Vest Pakistan in about 10,000 acres. 
It was heavily fertilized with nitrogenous and phosph<~tic fertilizer::; to obtain maximum 
It suffered from the disorder at a number of 2-3 weeks after transplanting. 
The symptoms, however, disappeared 10-15 later. It has been estimated that about 
1 million acres of the rice crop can suffer from the disorder under bvourable conditions. 

Dr.YoshidR, the Plant Physiologist IRRI and Dr.Tanaka, Hokkaido University, 
were invited to visit Pakistan in September, 1967, to find out the cause of this disorder 
They collected diseased and healthy plant for analysis. Soil samples from the worst 
affected area were also flown to the Philippines for green house studies. The analysis of 
affected plants from \Vest Pakistan and other countries is given in Table 5. 

Table 5. Nutrient contents of rice plants. 

Disease 
p K Ca ;.vrg Na Si Fe 1\lln Zinc 
Q/ Qi ~~b U/ ?fJ [),' 
/0 7o /0 /0 ppm ppm ppm 

---- ---------------- ---·----------- -

Khaira r usease i 2. 26 0.06 3.32 0.48 0.31 2.97 5.97 735 138 7 
(India) 

Hadda 2.44 0.25 3.30 0. 14 0.27 0.70 6.70 954 558 9.8 
(West Pakitan) 

Akagare II 2.30 5. 45 370 225 7 
(Japan) 

0. 18 2.23 0. 18 0. 15 0.30 8.6 784 421 22 

It may be seen from Table 5 that the rice plant samples collected from the problem 
areas show very lov\' zinc content. The zinc content of the plants collected from East 
Pakistan, where this disorder is not a problem, had a zinc content of 22 ppm whereas the 
plants from the problem areas had a zinc content of less than 10 ppm. Ishizuka and Tanaka 
(1962)reported critical zinc content of more than 15ppm while Yoshida and Tanaka 11 J report· 
ed that the critical zinc content of the plant should be 10 ppm. 

The combined information form field observations and chemical analysis of the plant and 
soil samples suggested that the disorder observed in the Lahore Region of West Pakistan 
was due to zinc deficiency and that its occurrance was associated with high PH or calcareous 
soil. 

4. Green house experiments with Kala Shah Kaku soil in IRRl by Dr. Yoshida (1968). 

Dr. Yoshida conducted a number of greenhouse experiments with Kala Shan Kaku soil 
to confirm the conclusion drawn from field observations and plant analysis. He was able to 
reproduce the disorder in the greenhouse. He added zinc to some beakers, but not to others. 
About two weeks after transplanting, the plants without added zinc started to develop inter· 
veinal chlorosis at the base of the lower leaves. Browing and stunted gro·wth followed. This 
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observation confirmed the previous finding that the soil disorder at Kala Shah Kaku is caused 
zinc deficiency. 

(1) Effect of zinc application on dry weight and zinc content of the plant 
In order to find out the effect of zinc application on growth and other characters a 

preliminary experiment was laid out with different zinc concentrations. The data are given 
in Table 6. 

Table 6. Effect of zinc application on dry weight and zinc content 
of the rice plant on Kala Shah Kaku Soil* (Yoshida) 

Zinc added (ppm) Dry weight Zinc content Symptoms (g/pot) 
"'- ----'"~-~. 

0 1.0 9 Severe 

2 2.4 14 :\fone 

4 1.9 18 I! 

8 2.9 2:3 II 

16 2. 7 23 II 

32 2.9 34 //' 

* The plants were harvested 5 \veeks after transplanting. 

It may be seen form Table 6 that without added zinc the symptoms appeared, the growth 
was stunted and the zinc content of the plant fell belmv the critical level. The addition of 
even small quantity of zinc improved growth and zinc content of the plant. These results 
also confirm the findings that zinc deficiency is the cause of soil disorder in Kala Shah Kaku 
soil. 

(2) Factors affecting zinc uptake by the rice plant. 
A number of factors affect the uptake of zinc by the rice plant. Some of these are de­

scribed below:-
1) Total and available zinc content of soil and the rice plant (Yoshida). 
The zinc content of the rice plant grown in different types of soils varying in total and. 

available zinc content is given in Table 7. 

Table 7. pH, total and available zinc content of the soils and 
the plant (Yoshida) 

Country Soil pH Total Available 
Zn(ppm) Zn*(ppm) 

India 5 Lateritic 23 3.4 

10 Usar 10.4 75 3. 1 

13** Calcareous 8.3 75 4.3 

15 Regur 7.8 82 4.3 

18 Late ririe 5.1 110 3. 1 

Pakistan 2*** Calcareous 7.9 99 

6 Calcareous 8.6 75 

7 Calcareous 8.6 92 

* 0. IN HCI Soluble. 
** Pant Nagar, U. P., India. 

''** Kala Shah Kaku, Lahore, West Pakistan. 

- --------~----

Plant 
Zn (ppm) 

46 

12 

8 

29 

20 

10 

11 

12 
-·---~-·-~~""·. 
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It rnay be seen hom Taclle that neither total zinc nor available zinc content of the soil 
vYas re1aJcd to zinc The soils appear to contain 
of zmc. 

2) Effects of cellulose on occurrence of the disorder. 
Dr. Yoshida observed in several of his 

not appear the disorder in the field 
that the additicm of 

of the additicm of cellulose on the disorder was, 
in '"I~a_ble 8. 

Table 8. Effects cellulose on appearance of 
dry weight, 

14 

27 

0.5 2 10 

10 0. f, 5. 

-The plants \Yerc harvested 5 alter transplanting, 

an1ount 

Yloderate 

None 

Very se\- -::re 

Very siight. 

It may be seen from Table (:ellulose to the soil 
the disorder and retarded the 
counteracted the effects of the cellulose. 

, :mel that the addition of zinc partially 
These results that the application of cellulose affected 

not of zinc the rice but also other fac-
tors 

3) The effect of soil pH on availability of zinc. 
The bet\veen soil and plant zinc content 1s m Fig l, from which 

it may be seen that increases. the zinc content decreases indicating that 
high is affecting zinc of the soil. This relationship, hovvever, requires more 
careful examination. Ponnarnperuma et. al'') have shov;n that the pH of alkaiine soils is 
reduced and that of acid soil is increased under conditions. There is, therefore, a 

60 r 
i 

50~ 
I 

~[ 40 t 
"'" I 

~ 30 I 
• 0 

~ I " . .. 
• 

c, r a • 20 • • • 
• 

10 i-
I • 

04 -----'---
6 7 8 9 10 11 

Soil pH 

Fig. 1. Relationship between soil pH and 
plant zinc content. 



Bic,:Jrbonatc b; 

-\Iol) 

:\-Ieasurement of 

Bicarbo~1ate \Y::ls added 

The increased 
the!t when 

TGp 

19. ') 
,) 

37. 
., 
' 

18. 

38. 

54. 

38.2 

'!9.4 

of 

he a factor in zinc but that the other proper· 
as the presence of 

Roots 

4. 

6.2 

4. 

6, 

6. t) 

6. 

lll8dc: 6 

for the decreased available zinc in the 
ion concentrations, and 

in the rice plant 
of culture solutions 

seen 

bicarbonate ion concentncti.ons of culture 
rice planta>. (Yoshida) 

X 10'/plant 
'Total 

Top Roots 1'op Roots 
<< ----------- ----------- ·-

581 C37 lL 2(25)ci 8(75) 0 

1. 376 I:J, 250 51. 6(39) 88. 2(61) 8 
1, liB 26,950 85.6(38) 142.9(62) 229. [) 

7C6 12. 9 
1, 17,790 40. 6(28) lC6.8(72) 147< 

L 350 20,970 7:'L 3(35) 138. 4(65) 211. 7 
I, 199 16,510 45. 8(25) 137. 0(7E>) 182.8 

698 2:1, 360 27. 5(15) 153. 5(85) 181. 
--------~ ----------- ------ -----

hrs. "Zn added to culture solutions. 

relative ::trnG1_-;nt of radioacth-1ty Jn top and root fK;rtions. 

of the rice This result suggests 
result of fertilization, the requirement 

is also increased. This requirement may not be met in soils 'Nhere 
of zinc is rather lmv. The pH only slightly affected the absorption of '"zn in 

concentration as weli as total uptake. The high concentration of bicarbonate ion, howeYer, 
altered the distribution of "'Zn between plant roots and top. A much higher 

amount of "Zn \vas found in the roots in the presence of 50 m. l'vl bicnrbonate ion 
than in any other trentment. This immobilization of zinc in the roots may be one of the 
reason,.; why application of cellulose aggravates zinc deficiency. 

5) Mobility of "''Zn absorbed via roots and leaf in the rice plant 
"Zn was applied in the roots as well as on the leaf. The mobility and distribution 

of "Zn is given in TahlelO and graphically presented in Fig.2. 
It may be seen from TablelO that a higher amount of zinc absorbed through the roots 

went to the upper leaves. A similar trend was also found when zinc \Vas absorbed through 
the leaves. These experiments show that (i) zinc is relatively mobile in rice tissues, (2) the 
movement of zinc is directed preferably towards the youngest leaf irrespective of the loca­
tion at which zinc enters the plant (3) zinc can be supplied both to the rice plant either 
by foliar application or soil application. The tendency of zinc to move into young leaves 
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Fig. 2. Distribution of radioactive zinc in rice leaves as 
affected by position of the zinc application. 

Table 10. Mobility and distribution of 65Zn absorbed 
via roots and leaf (Yoshida). 

(a) Via roots. 

Leaf No. a) 

1. 

2. 

3. 

4. 

5. 

(b) Via a leaf 

1. 

2. 

3. 

4. 
5b) 

cpm/0.1 g dry 

4, 745 

2, 144 

985 

659 

925 

1, 050 

435 

844 

269 

115,931 

a) Counted from the top on main culm. 
b) 65Zn was applied to this leaf. 

matter 

pH 8 

5,192 

2,039 

1,814 

509 

606 

1,197 

919 

498 

599 

111, 280 

may explain why brown dicoloration of leaves starts with the lower leaves. Sharma et. al 10l. 

however, reported that young leaves were more severely affected than the old ones. 
6) Effect of phosphate application on zinc deficiency. 
Several workers have reported that the application of phosphates induces zinc deficiency. 

Sharma et. a[ 10J. reported that with the application of 100 ppm P the rice leaves turned 
brown in the beginning of the 5th week and later became brownish black. Four days later, 
similar symptoms developed where 25ppm P had been applied whereas no symptoms appeared 
without P application. The application of 25ppm P reduced zinc concentration in the tops 



about 50 percent. There was more decrease in Zn concentration in the tops with inCl·eas-
rates of P. It was also shown that the availability of zinc increased at higher tempera 

ture. It was reported by Sharma 10 \ Ellis et. al'l., l'viartin, Nlclean and Quick5> that 

more zinc became available at higher temperature (30°C) due to favourable microbial actiY· 
ities. Burleson et. al'l. concluded that P induced zinc deficiencies 'vere probably enbmced 
by wet soil during the early part of the growing season due to restricted root 
ment. This observation was confirmed by Ellies et. at. ' 1• Sharma et. al 1"l. reported that 
P application did not affect zinc concentration in the roots but reduced zinc concentration 
in the tops. On the other hand, there was more concentration of P in the tops th;m the 
roots. At 15°C, applied Zn increased Zn concentration in the roots but not in the tops. 
The temperature had a marked effect on absorption and also on the translocation of Zn to 

the tops. 
It has heen observed at Kala Shah Kaku during the last several years that the crop 

transplanted in the middle of April does not show zinc deficiency symptoms whereas the 
crop transplanted in the beginning of July shows severe symptoms. The temperature 
April is about 35°C against about 40oC in the beginning of July. The nursery is ~O\\·n in 
the middle of March when the temperature is about 2TC It bas been reported by Ponnam· 
peruma, that the temperature below 25oC retards P release. This decrease in P 
may increase the availability of zinc which may be taken up by the seedlings in the nursery 
and consequently no zinc deficiency symptoms appeared in the field. The observation made 
at Kala Shan Kaku that zinc deficiency symptom are very severe during hot and dry seawn 
are also contrary to the results reported by Sharma et. a[ 10 )_ 

Very little phosphatic fertilizers were being applied to local varieties of wheat and rice. 
\Vith the introduction of dwarf wheat and rice varieties, about 60 lbs of P,O, is being 
to each of these crops during one year. The flooding of the soil increases the concentration 
of P in the soil solution by 100-fold. It is, therefore, possible that available zinc in the soil 
may be taken up by P to form zinc phosphate which is highly insoluble. It is, 
possible that zinc deficiency in the plant may be induced by excess of phosphorus. However, 
more work is required in this direction. It has been observed that the zinc deficiency symp­
toms are more severe in the fields where a combination of P and N fertilizer is 
and as the dose of N is increased, the symptoms become more severe. 

"Field Experiments. 

A number of experiments have been conducted during 1968 and 1969 at the Experi­
mental Farm Kala Shah Kaku, West Pakistan to confirm the results of the green house 
studies and to compare different methods of zinc application in the field. The properties of 
the soil where the experiments were laid out are given in Table 2. 

(1) Effect of zinc application on growth and grain yield-1968. 
The experiment consisted of 16 treatments. Zinc sulphate was applied to nursery bed or 

main field or both at different rates. Application of organic matter (wheat bhusa) was 
combined with zinc sulphate application to test if the organic matter aggravated zinc defi­
ciency in the field. Dipping of seedlings in one percent zinc oxide suspension was done for 
about 10 seconds just before transplanting. Foliar spray of zinc sulphate was done by dissolv­
ing zinc sulphate at 1 gm/m2 Zinc in 3. 8 liters of water. The variety used was IR 8. 

Characteristic zinc deficiency symptoms were observed on the seedlings in the nursery 
bed, suggesting that zinc deficiency started at seedling stage. In the main field visible 
symptoms appeared about 12 days after transplanting. About a week or 10 days later, there 
was a marked difference in growth as well as in visible symptoms between the treatments 
with or without zinc application. The seedlings which had received zinc application in the 



Table 11. Effects of zinc RfJplh:ations on grain yields of ric.ll at Kala Shah Kaku Gover11ment Rice Farm, West l'aldshm. 
t'V 
ur 
0:) 

Zinc applications Duncan's pJHlll !Ieight Treat-
,--~------

Organic matter Grain lllllllipk trans-
!Jercenta,L;t; ment application to the yielcl ~H matu-

No. Nursery Field') 
field(tons/ha) (kg/ha) nty sterility 

(kg/ha) (kg/ha) 
:c~o 90 (inches) 

------ ---------·----

1. 0 0 0 4;n;, n 14 !8 s:~ 16 

2. 0 0 5 4159 Q 19 17 80 211 

3. 0 10 0 :J982 bed 21 !6 ;)8 7:3 6 

4. 0 10 5 6147 bed 24 18 38 7:3 l1 

5. 0 100 0 6516 bed 25 !8 38 7') ,y H 

6. 0 100 5 6655 d 25 '',9 72 11 

7. 100 0 0 5253 abc 19 19 74 

8. 100 0 5 4968 ab 19 :n ''r , _ _~,) 75 8 

9. 100 10 0 6170 bed 23 17 ;;s 17·') ,_, 10 

10. 100 10 5 6020 bed 24 1.7 :;8 '74 ? 

11. Dipping seedlings in 1% ZnO 5858 bed 23 17 38 74 8 
suspension 

12. Spraying zinc at lOkg/ha at S713 bed 1? 17 :3G 'lS 15 
first symptoms 

13. Broadcast zinc at IOkg/ha after 6008 bed 26 18 '74 
puddling 

14. Broadcast zinc at lOOkg/ha 6915 d 26 ]" (1 7'' ,, 
after puddling 

15. Broadcast zinc at lOk,g/ha at 5690 bed J7 17 37 7H 6 
first symptoms 

16. Broadcast zinc at 100kg/ha at 6170 bed 20 19 ::-18 74 
first symptoms 

-----~~~- ----------- - -----------------------

'l Zinc sulfate was applied before last puddling for the treatments from Nos. 3 to 10. 
zt Any t\vo means followed by the same letter nre not significantly different at the ;;% l<eveL 
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nursery also did not shmv deficiency symptoms. Foliar spray or top ot zinc sui-
after the appearance of symptoms caused a remarkable recovery in growth within 

week following The detail of treatments, and othe:· characters are 
in Table 11, from which it may be seen that all zinc applied treatments except Nos. 7 and 
8 showed significantly higher grain yield than the no zinc treatments. The application of 

matter did not show any effect although it aggravated zinc deficiency in the green-
hou~c The of zinc to nursery though corrected deficiency symptoms 
and increased the yield about a ton per hectare, yet the difference was not statistically 

This indicates that nursery bed application alone is not sufficient to about 
increase in The dipping of seedlings in 1.%· ZnO was 

effective in correcting zine deficiency symptoms and increasing 
Zinc deficient showed limited tillering at early stage, stunted 

and greater sterility. There were also several empty hills due to death of 
Residual effects of applied zinc material on growth and grain yield of rice at 
Kala Shah Kaku-1969. 

The trial conducted in 1968 was during 1969 in the same field with the same 
to see the residual effect of zinc applied during 1968. 150 lbs N and 60 lbs per 

~•.ere \Here into the soil at final The same IR 8 was trans-

Table 12. Residual effect of zinc on growth and yield of rice 1969. 

s. 
:--<o. 

L 

2. 

4. 

6. 

7. 

8. 

9. 

10. 

11. 

1., 
"'· 

14. 

Ei. 

16. 

Zinc application Organic matter 
----·----·---~-·· -·---------------~ -·~-

Nursery Field application to 
kg/ha kg/ha field Tons/ha 

----------~----- ---------·-·~-~ 

0 0 0 

0 0 5 

0 10 0 

0 10 5 

c 100 0 

0 100 5 

100 0 0 

100 0 5 

100 10 0 

100 10 5 

Dipping of roots of seedlings in 1% 
ZnO suspension. 

Spraying Zinc at first signs at 10kg/ha 

Broadcast on surface after puddling at 
lOkg/ha 

Broadcast on surface after puddling at 
100kg/ha 

Broadcast at the time of first 
symptoms at lOkg/ha 

Broadcast at the time of first 
symptoms at lOOkg/ha 

Transplanted on 27 Jun. 1969. 
a) 40 days after transplanting. 

* 20 days after transplanting. 
b) Zinc deficiency symptoms ratings : 

AYerage 

a) 

70.0 

62.7 

77.0 

78.8 

78.8 

83.0 

64.6 

60.2 

83.0 

77.0 

78.4 

82.0 

78.2 

82.3 

79.6 

80.3 

O=no symptoms, 5= severe symptoms. 

Average 
tillers/ 
plant a) 

-~-~----~"--

16.0 

16.0 

19.7 

17.0 

18. 1 

19. 1 

16.6 

16.8 

18.7 

20.3 

1" ~ (,.) 

18.8 

18.4 

19.6 

18.9 

18.8 

Zinc defi-

... ·-·----·----

4 

4 

2 

4 

4 

1 

2 

1 

2 

1 

0 

2 
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planted on 27 Jun. '69. Only the growth data are available at present and the same are 
given in Table 12. The data show that all treatments with last year's applied zinc did not 
show zinc deficiency symptoms, whereas the control and the nursery bed zinc applied treat­
ments had moderate deficiency symptoms. Zinc applied treatments had greater height and 
more tillers. The dipping of the seedlings in 1% ZnO susp:cnsion last year also sho,ved 
residual effect. These observations show that zinc applied once can serve the purpose for at 
least two years. Higher doses had more residual effect. 

(3) Effects of zinc application on growth and yield of rice at Kala Shah Kaku 
1969. 

To confirm the results of the previous year, another trial with the addition of another 
zinc preparation sc:questrene (Na,Zn) was laid out during 1969. The data on the 
tillers and zinc deficiency symptoms are given in Table 13. The data confirm the earlier 
findings that field incorporation or surface application at puddling or top dressing at the 
appearance of first symptoms increased the height, tillers per plant and produced few zinc 
deficiency symptoms as compared with the control. Sequestrene proved comparatively less 
effective than ZnS04 probably because of the lO\ver rate of application. Nursery bed ap­
plication was also less effective. 

( 4) Effects of nitrogen application and variety on growth and yield of rice. 
As stated earlier the application of increased rate:; of N promotes the of the 

plant and consequently raises the requirements for zinc and other elements. The preo.ence 
of zinc in limited quantities creates zinc deficiency symptoms. A trial \Vas, therefore, laid 
out to study the effect of zinc application with and without N applicatoin on different 

Table 13. Effect of zinc application on growth and yield of rice.* 

S. No. Treatments 

1. Control 

2. Field incorporation of zinc at lCikg/ha 

3. Field incorporation of zinc at lOOkg/ha 

4. Nursery-bed application of zinc at lOOkg/hn 

5. Nursery-bed application at 100kg/ha field incorporation 
of zinc at lOkg/ha 

6. Seedling dipped in 1% ZnO suspension 

7. Spray of zinc on first symptoms at 10kg/ha 

8. Broadcast of zinc after puddling at 10kg/ha 

9. Broadcast of zinc after puddling at lOOkg/ha 

10. Broadcast of zinc at first symptoms at lOkg/ha 

11. Broadcast of zinc at first symptom at 100kg/ha 

12. Drying at first symptoms 

13. N application in split doses 

14. Broadcast of seduestrene at 6. 7kg/ha before transplant­
mg. 

15. Broadcast of sequestrene at first symptoms at 6. 7kg/ha 

16. Spray of sequestrene at first symptoms at 3. 3kg/ha 

* 20 clays after transplanting. 
a) Zinc deficiency symptoms ratings. 

0= no symptoms. 5 =severe symptoms. 

Average Zinc 

height deficiency 

(em) symptoms 
a) 

40.0 9.0 4 

53.8 12.7 2 

39.4 14.3 1 

42.3 19. l 3 

49.2 15.0 2 

48.5 12.0 2 

43.4 0.3 3 

49.8 12.6 2 

51. 0 13.3 

44.5 11. 6 4 

43.8 10.0 3 

37.4 8.0 4 

45.3 10.4 2 

48. 1 13. 1 3 

40.2 10.0 4 

40.0 7. 4 4 
--~-·---~-~--~--
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Table 14. Effect of zinc application with or without nitrogen on 
growth etc. of rice 20 days after transplanting, 1969. 

Treatment IRS IR 184 
Average 

----------~---

Zinc 

J\i Zn height 
Tillers/ 

deficiency Tillers 
(em) plant kg/!M kg/ba plant symptoms 
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Zinc 
deficien-
cy sym-
ptoms* 

---------~---~-- ----

1. 0 0 41.0 7. 1 2 37. 7 4.7 1 

2. 50 0 42.8 9. 7 3 32.6 5.4 2 

3. 100 0 37.6 7.6 3 33.2 4. 5 ') ,, 
4. 150 0 42.8 7.9 3 34.8 3.3 3 

5. 0 100 42.5 7.8 0 44.8 5.5 0 

6. 50 100 43.5 10.4 0 50.0 8. 1 0 

7. 100 100 46.5 14.6 0 49.4 7.8 0 

8. 150 100 48.0 12.3 0 51. 7 8.3 0 
---------·-- --~--------------

* Zinc deficiency symptoms ratings: 
o~no symptoms, 5=severe symptoms. 

vanetles. It can be seen from Table 14 that the application of N without Zn did not increase 
the height and number of tillers per plant rather it increased the severity of zinc deficiency. 
With the application of zinc sulfate, the zinc deficiency symptoms did not appear and the 
height and number of tiller per plant increased as the N dose was increased. IR 184 showed 
more severe symptoms than IR 8. 

Diagnosis of zinc deficiency of the rice plant. 

The data of greenhouse and field experiments have condusi vely shown that the physio· 
logical disease of rice known as "H add a" or "Yarqan" in the central parts of \Vest 
Pakistan is caused by zinc deficiency in the plant. A proper diagnosis of the same can be 
made by a combination of the following:-

1) Visual symptoms. 
The midribs of the youngest leaves, especially the base, become chlorotic. The general 

symptoms are the appearance of brown blotches and streaks in lower leaves followed by 
stunted growth. 

2) Soil properties. 
The soils having a pH of above 7. 5 and calcareous nature are conducive to zinc defi­

ciency. 
3) Plant zinc content. 

If plant zinc content is less than 10 ppm, zinc deficiency is very likely to occur. The 
chances are less with a zinc content of 10-20 ppm. 

4) Foliar spray of zinc sulphate. 
A spray of 0. 5% zinc sulphate solution will remedy the deficiency symptoms vvithin a 

week after application and improvement in growth will take place. 

Remedial measures of zinc deficiency of the rice plant. 

The following measures can be adopted to cure zinc deficiency of the rice plant : 
1) Drying of the field. 

In case of mild deficiency, a change of water 3-4 times will improve the crop and zinc 
deficiency symptoms \viii not appear in the new leaves. If the symptoms are severe, the 
field should be dried to such an extent that soil surface cracks. The crop will start vigorous 
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after irrigation. 
2) Split application of fertilizers. 

The entire quantity of fertilizer may not applied before transplanting 
one lot as in this case severe zinc deficiency symptoms develop and the entire crop 
wiped out. About 33% of the fertilizer should be applied 10-15 days after transplating, 
30-35 days after transplanting and 33.%' at panicle initiation. 

31 The nursery may be applied 440 kg zinc sulphate per hectare before 
4) The roots of the seedlings may be dipped in zinc oxide suspension before trans· 

planting. 
5) The application of zinc sulphate per hectare will sa \'e the crop from zmc 

ciency symptoms. 
6) If the zinc deficiency symptoms appear the crop should be sprayed with zmc 

sulphate per hectare or the same quantity should be broadcasted in the field. 
7) Use of resistant varieties or the varieties which recover earlier. 

Of all the recommendations, the 
be the cheapest. About 1 lb of zinc 
nursery for one acre, Field 
mended to the farmers at present. 

dipping of seedlings in 1% ZuO suspension appears to 

oxide costing about US 60 cents is required to 
of zinc sulphate is very costly and cannot be recom· 

Problems Requiring Further Study. 

The experiments conducted so far have shown that the physiological disease:; of nee 
prevalent in the central region of 'vVest Pakistan is caused by zinc deficiency of the 
and that it can be cured by zinc application in any form. The follmving problems in this 
connection need further 

1) Time of application of fertilizers in relation to zinc deficiency. 
2) The relationship between phosphate application and zmc 
3) Determination of ways and mean;_; to increase of zinc present m the soil. 
4) Evaluation of different sources of zinc to find out some cheaper material for 

ZinC 

5) Determination of optimum dose of zinc for obtaining economical out-turn. A minimum 
close of zinc sulphate per hectare has been tried. }\ lower dose may also be effective 
for curing zinc deficicncy. Roy13 l reported that rice only to 11 kg ZnSo, per 
hectare. 

Summary 

Zinc a disorder, was noticed about 30 years hack in the Central 
Zone of \Vest Pakistan and was then erroneously called paddy blast Recently, the 
use of nitrogenous and phosphatic fertilizers, needed to obtain the potential yields of dwarf 
high fertilizer responsive varieties, mukedly increased the scourge. The fertilizer response 
realised in this region >vas lower as compared to that of southern region, where this disor­
der is not present. This situation necessitated studies to find out the cause and of 
this disorder. 

Dr. Yoshida, the Plant Physiologist of IRRI, conducted greenhouse studies with Kala 
Shah Kaku soil to determine the cause of disorder. He \Vas able to reproduce thi~; in the 
greenhouse. The analysis of plant and soil samples collected from the problem area sho·wed 
that soils are not deficient in zinc, but it was not available to the plants, a property of the 
calcareous soils ~cvhich have high pH. The inclusion of cellulose in his experiments shov:ed 
that cellulose aggravated this disorder. He also applied radioactive zinc ( 65 Zn) to the toots 
and leaves and observed that zinc absorbed from the roots or from the lower leaves is 
directed to the upper leaves, which explained why the brown discoloration starts from 
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the lmver leaves. All these studies establi::;hed the fact 1hat there cause 

disorder except the zinc in the 

1\ field conducted at Kala Shah Kaku in 1968 showed that 
in any form is effective in alleviating this disorder and 

tons per hectare. Incorporation or surface of zinc at 

top when zinc symptoms appear. Of all the treatments, 
is more economical. The trial is 

data available now, it appears that soil retains enough zinc 
second crop can be grown vvithout additional zinc application. Further 
ments, in progress, confirm the earlier results. Another zinc 
Zn) appears quite out the cheap material 
its economical rate of 

:!VI. W Thenabadu, 
disorder cc1n 

? 

visa~a~vis time of fertilizer 

Discussion 

: Can you an 
remuval of wdter from 

Answer : The exact chemical 
removal of and the 

involved is not known. lt appears 
oxidised conditions are created. This 

duced soil to oxidised soil appears to 
m the soil. 

be for 

Soebijanto, Indonesia : In table 11, 
increase. Application ZnSO, 
vVhat would be the 

Answer: The were 
application of ZnSO, to nursery alone 

ZnO imd not m ZnSO,. 
did not increase the yield 

to 

rr-q 

1 lH~ 

because the had not taken 
for the en tire life of the plant. The ZnO 

zinc from the nursery bed to be 
insoluble in vvater, have 

suffici(::nt 
al-x~~orbed 

slowly as when needed by the It was also near the roots of the 
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