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Indentification Nutrients Limiting Rice Growth in Soils of Northeast Thailand

under Water-Limiting and Non-Limiting Conditions
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ABSTRACT

Glasshouse nutrient omission trials are useful in identifying nutrient limitations for plant growth in a
number of soils under the same environmental conditions. Soils of low fertility are commonly -used for
production of rainfed lowland rice (Oryza sativa L.), and the crop often encounters water stress. Nutrient
requirements may be modified when standing water disappears from the field. Two experiments with rice
seedlings were conducted in a glasshouse at Ubon Rice Research center, Thailand, to identify the nutrients
which limit rice growth in soils of Northeast Thailand and to determine whether nutrient limitations are affected
by water availability. [n Experiment 1, rice was grown on two soils (Roi et and Ubon series) under well-watered
and water-limiting conditions and 15 nutrient treatments were imposed. In Experiment 2, six soils from
Northeast Thailand were examined using the same 15 nutrient treatments. The nutrients which clearly limited
the growth of rice plants in soils of Northeast Thailand were nitrogen (N) and phosphorus (P). In some cases,
potassium (K) and sulfur (S) also limited growth, and in one soil zinc (Zn) and boron (B} also limited growth. A
shortage of N was the most important limitation for plant growth in all soils except one in which P was more
important. The low supply of P decreased plant height and leaf area development during early growth; low N
supply had a greater effect later during growth. The omission of P had a larger detrimental effect on growth
when water supply was limnited. In the Roi et soil, the omission of S had a large effect on leaf area and total dry
matter production only under water stress conditions, but this was not found in the other soils examined. These
results from glasshouse studies show that the nutrients limiting rice growth depend on soil type and water
availability in soils of Northeast Thailand.
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Table 1 Physical and chemical properties of soils collected from eight sites in Northeast Thailand. The first
two soils were used in Experiment 1. The remaining soils were used in Experiment 2.

Seil Site PH % Extractable ExchK CEC Texture (%} Textural class
Series (I-I?O) oM P(mgkg')| (mgkg')l (comlekg’)| Sand | Sit | Clay
Roi et URRC 442 0.57 27 50.0 1.85 61 AN 8 Sandy loam
Ubon URRC | 468 .87 74 250 1.53 77 18 5 loamy sand
Roi et SKIN 546 1.81 25 14.8 -* 84 12 4 loamy sand
Roi et KKN 551 067 15 444 ¥ 74 14 12 Sandy loam
Roi et CPA 540 0.36 10 444 -* 62 16 22 Clay loam
Roi et UND 6.04 1.20 10 333 - 68 18 14 Sandy lcam
Roi et SRN 487 0.97 15 185 -* 72 22 6 Sandy loam
Phimai PMI 6.12 .33 15 71.7 -+ 58 14 28 Silty clay loam

* No data available
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Table 2 3Salt forms and nutrient rates used in the nutrient omission pot trials.

Nutrient Salt Nutrient rate (kg/ha)
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P NaH PO HO 30
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Table 3 Effects of nutrient managements, water regime and soil type on leaf area and dry matter of rice

(6 weeks after sowing)

Leaf area (cm®pot)

Dry matter {g/pot)

Nutrient managemern Soil series Soil series
Roi-st Uhon Diff Roi-et Ubon Diff

Well water

Control 247 ¢ 985d -74.2 ns 097 d 246 -149 ns
Control + Ca{OH)z 270¢ 1129d -85.2 ns 095 d 285 ef -1.90 ns
All 4441 a 4925 a -485 ns 1562 a 18562 a -2.90%*
All + Ca(OH)2 4556 a 4256 abc 300ns | 1723a 16.08 be 1.16ns
Al + Ca(OH)ZN 487 c 121.4d -72.8 ns 087 d 3.72 ef -2.85%*
Al + Ca(OH)ZP 21¢ 187.3d -165.2** 0.89 d 487 e -3.99%*
All + Ca{OH)ZK 3264 b 3672¢ -30.8 ns B8 ¢ 13.32d -4 47**
Al + Ca(OH)z-Mg 4050 ab| 4981 a 931ns | 1278Db 1691 be | -3.13*
All + Ca(OH)ZS 369.8 ab| 3632¢ 6.6 ns 10.77 be 1257 d -1.80 ns
Al + Ca(OH)z-Pé 4281 ab| 4659 abc -37.8 ns 1638 a 16.93 ab 055 ns
Al + Ca(OH)le 4526 a 4174 abc 3B2ns | 1723 a 15.85 be 1.38 ns
Al + Ca(OH)ZO.l 446.7 a 4524 abc -56 ns 1724 a 14.07 cd 3.18 **
Al + Ca(OH)z-Zn 4522 a 3729 be 793 ns 1621 a 16.79 be 0.42 ns
Al + Ca(OH}ZB 4178 ab| 4754 ab -576 ns 1738 a 16.22 bc 1.16 ns
Al + Ca(OH)Z-MJ 4212 ab| 46556 abe -444 ns 1516 a 18.14 ab -2.98%*
Limited water

Control 343b 956 b -61.4 ns 08lc 211b -131 ns
Control + Ca(OI-I)2 249 b 855b -680.6 ns 071 ¢ 180 b -1.09 ns
All 2694 a 2616 a 7.8 ns 5.93 ab 8.65 a -2.72%
AR+ Ca(OH)2 3320 a 2420 a 901 ns 6.89 ab 6.68 a 0.21 ns
All + Ca(OH) N 531b | 1308b 717 ns 073 ¢ 374 b -3.01+
All + Ca(OH)ZP 220b Blilb -59.1 ns 085 ¢ 185b -1.00 ns
Al + Ca{OH)ZK 2288 a 2834 a -546 ns 4851 6.60 a -1.75 ns
All + Ca(OH)Z-Mg 2704 a 2708 a - D4dns 747 a 7.36 a 0.11 ns
All + Ca(OH)zs 335b 2772b 2437 *¥ 088 ¢ 6.27 a -6.39%*
‘Aii + Ca(OH};Fb 2827 a 2933 a -106 ns 6.95 ab 6.80 a 0.15 ns
Al + Ca(OH);Nh 2/20a 395 a -87.5 ns 6.46 ab 759 a -1.13 ng
All + CalOH) (u 2792 a 305.8 a 266 ns 7.15 ab 74 a -0.29 ns
All + Ca(OH),Zn 2631 a 2853 a 223 ns 7.05 ab 733 a -0.28 ns
All + Ca(OH) B 3190a | 2400a 79.0 ns 7.10 ab 786 a 076 ns
All + Ca(OH) M 2996 a 2364 a 63.2 ns 6.77 ab 6.32 a 0.46 ns
CV{%) 249 174
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In a column, mean followed by a common letter are not significantly different at the 5% level by DMRT.
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Figure . Response of rice seedlings (as measured by leaf area and total dry matter) to the
omission of all nutrients (Nil}, nitrogen, phosphorus, potassium and sulfur. Rice

seedlings were harvested after 6 weeks in two soils under well watered and water

stress conditions (xperiment ).

Figure 1.
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Table 4a Effect of nutrient managements and soil types on leaf area of rice (7 weeks after sowing)

Nutrient SOILS

SRV PMI KKN CPA SKN UDN
Control 116 ¢ 103 d 199 b 159 e 130 d 185 ¢
Control + Ca(C)H)2 183 ¢ 119d 165 b 121 e 07 ¢ 167 ¢
All 470 ab 670 ab 459 a 475 bed 498 ab 647 ab
All + Ca(OH)2 545 ab 649 ab 540 a 642 abc 509 ab 571 ab
Al + Ca(OH N 147 ¢ 116 d 180 b 231 e 125d 188 ¢
All + Ca(O H) P 415 b 388 d 484 a 421d 446 abc 113¢c
Al + Ca(OH) K 563 ab 607 ab 635 a 532 a-d 431 abc 650 ab
All + Ca{O H)zMg 444 b 606 ab 568 a 456 cd 516 ab 662 ab
All + Ca(OH) ) 658 a 563 ab 531 a 594 a-d 584 a 634 ab
Al + Ca OH) Te 511 ab 747 a 524 a 545 a-d 465 abc 612 ab
Al + Ca(OH) M 482 ab 651 ab 480 a 603 ad 500 ab 713 a
Al + Ca(OH) - 516 ab 638 ab 497 a 693 a 427 abc 506 b
All + Ca(OI—I) Zn 505 ab 533 bec 516 a 629 abc 447 abc 650 ab
Al + Ca(OH) B 545 ab 626 ab 571 a 666 a 427 abc 669 ab
Al + Ca(OH) Mo 567 ab 494 be 524 a 646 ab 371 be 520 bL
CV(%) 246
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In a column, mean followed by a common letter are not significantly different at the 5% level by DMRT.




Table 4b Effect of nutrient managements and soil types on dry matter of rice (7 weeks after sowing)

Nutrient SOILS

SRN PMI KKN CPA SKN UDN
Control 1204 113d 210 ¢ 168 d 1.bb ¢ 180 ¢
Control + Ca(OH), 145 d 138 d 210 ¢ 1134 140 ¢ 1.78 ¢
Al 8.43 ab 11.00 ab 870 a 8.73 be 773 a 10.38 a
All + Ga(OH)2 7.73abc | 1118a 818 a 8.07 bc 6.00 ab 7.33 a
All + Ca(OH 2N 195d 1.30d 228 ¢c 313d 160 ¢ 2585 ¢
All + Ca(OH)P 5.65 ¢ 423 ¢ 573b 3.30d 443 b 10¢
Al + Ca(OH)ZK 5.93 bc 8.82 ab 1050 a 8.90 be 5.60 ab 748 b
Al + Cal{OH) Mg 867 a 10.98 ab 988 a 930 abc | 685ab 7.80 ab
Al + Ca(OH)ZS 928 a 905ab’ 8.6b a 8.88 be 785 a 740 b
Al + Ca(OH)ZRe 920 a 9.20 ab 920a 10.10 abc | 5.83 ab 8.63 ab
All + Ca(OH) Mn 800abc { 885ab 8.60 a 9.07 be 750 a 8.82 ab
All + Ca(OH)Z{Zu 8.50 ab 9.00 ab 935 a 11.15 ab 823 a 710 b
Al + CalOH) 7@ 928 a 835 Db 8.70 a 1173 a 6.68 ab 7.73 ab
All + Ca(OH) B 895 a 830D 1040 a 820 c 6.30 ab 8.38 ab
All + Ca(OH) Mo 880 a 8.75 ab 9.80 a 952abc | 592ab 820 ab
CV(%) 242

In a column, mean followed by a common letter are not significantly different at the 5% level by DMRT.

sy 3 Slevivdalgn wansenulaesam
229M3N@ N P uazynme) (Nil) ﬁmsmmnﬁﬂaﬂn‘luﬁu
6 wisw wuh enwgeresiudnldunansusnan
mane P usdoniniiu N sufumefifionssnusnn
fis (Table 5 lwusadeniuwuriiinanssmuag
m'i'zn@rm@;1a'mﬁéfqnmfae}'aﬁuﬁhﬁnwmstﬁmﬁu
mnwam‘sﬂmaaa‘lunsiu"a“ﬁ"[zﬂﬁﬁmamﬁﬁiﬁlﬁwiw

Thai Agricultural Research Journal Vol 18 No.3 September - December 2000

msne P aghadienlussezusn ¢ ssomaaSydule
wemana N athadfien ssessiasnaamaissnivla
psfirludnunsintiuiy nesAsiidldngems
fiawny 6 Slomindogn WanFeufisutunsndsld
PR wMsATUYNYia wud'lmwmm@;mmﬂ‘&aaﬁﬁwa
Giafmuqwaaé’u%’nmnndw@ﬁiu

255



L — S
=1  —_ |
600 | [ Pt

500 -

400

300

Leaf area (cmz)

200

100

Dry matter (g)

P DA TR

Phit KKN  CPA  SKN  UDN

Soil source

Figure 2 Response of rice seedlings (as measured by leaf area and total dry matter)
To the omission of all nutrients(Nil), and of nitrogen(-N), phosphorus(-P),
Rice seedling were harvested after 7 weeks on six soils from Surin(SRN),
Phimai(PMI), Khon kaen(KKN), Chum Phae(CPA), Sakon Nakhon(SKN)
and Udorn Thani(UDN)

Figure 2

Table 5. The effects of four nutrient treatments on plant height and leaf area of rice grown with standing water
in experiment 2. (Data are the averages for the six soils which had been limed to pH 6.0.) das : days

after sowing. Precentages relative to the all treatments are shown in brackets.

Treatment Plant height (cm) Leaf area (cm?

24 das 50il source 38 das 28 das 50 das
Control 305 (84) 33.2 (72) 36.7 (62) 70 {33} 172 (30}
All 36.3 (100) 46.1 (100) 58.9 (100) 215 {100) 576 (100)
All-N 32.8 (90) 35.0 {76) 37.1 (63) 95 {44) 166 (29)
All-P 207 (82) 35.2 (76) 482 (82) 78 (37 378 (66)
LSD{P=0.05) 45 6.5 8.6 79 226
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